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[57] ABSTRACT 

A polarographic catheter-shaped probe for determining 
analytical data of biological ?uids of human beings, of 
animals, or of plants, and having a cathode, an anode 
and an electrolyte connecting the two, which are sur 
rounded by a ?exible sheath sealed in the tip region of 
the cathode by an ion-impermeable but gas-permeable 
membrane, wherein the anode is arranged at the distal 
end of the catheter shaft away from the cathode tip, the 
electrolyte extends from the anode to the tip of the 
cathode within the probe, and the anode and cathode 
are connected to a terminal jack for measuring instru 
ments located at the end of the probe facing the anode. 
The jack optionally contains a supply chamber for the 
electrolyte, which is connected in a liquid-tight manner 
to the one end of the catheter shaft. 

13 Claims, 6 Drawing Figures 
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POLAROGRAPHIC CATHETER PROBE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a polarographic catheter 

shaped probe for determining the analytical data of 
biological ?uids of humans, of animals, or of plants, and 
having a cathode, an anode and an electrolyte connect 
ing the two, which are surrounded by a sheath closed 1 
by a ?exible membrane impermeable to ions in the re 
gion of the cathode tip but permeable to gases. 

2. Description of the Prior Art 
Already known from U.S. Pat.‘ No. 3,528,403 is a 

sensing probe in which the cathode and the anode are 
positioned parallel to each other within a plastic struc 
tural member and are surrounded by a plastic sheath 
having a gas-permeable membranein the region of the 
tip of the cathode. The electrolyte connecting the oath 
ode with the anode is located in a cavity in’ the region of 
the tip of the plastic sheath. This probe is incorporated 
into a catheter shaft when measurements are made. 

In another known sensing probe. disclosed in US. 
Pat.v No. 3,758,398, the cathode is concentrically sur 
rounded by the anode, and both are held inside a unit. A 
cap supporting a gas permeable membrane is ?lled with 
electrolyte and is then screwed onto the unit supporting 
the electrodes. 

In US. Pat. No. 3,259,124 is disclosed another prior 
art probe in catheter form. This probe is constructed for 
taking measurements in the human body and has the 
electrode arrangement in the front end of a ?exible tube 
closed by av gas-permeable membrane. The electrode 
arrangement is formed by two concentrically arranged 
electrodes insulated with respect to each other and 
extending to the tip of the probe, their conducting rela 
tionship established through an electrolyte also pro 
vided in the tip of the probe. I 
_ Since for all prior art catheter-shaped probes the 
anode and the cathode are arranged in the region of the 
tip of the probe and, accordingly, the reservoir for the 
electrolyte is also located in this region, extreme minia 
turization of the primary element becomes very prob 
lematical, making great demands with respect to preci 
sion during the manufacturing process. The diameters 
of previously available catheter probes cannot be re 
duced below 1.5 mm. But this means that such probes 
can hardly be used for measurements on particularly 
small living creatures, because these dimensions are still 
too great for introduction into the ?ne channels of body 
?uids. 

SUMMARY on THE INVENTION 
Accordingly, one object of this invention is to pro 

vide a novel polarographic catheter probe having a 
particularly small diameter, and being of such a simple 
construction that it can also be manufactured compara 
tively inexpensively. _ 
Another object of this invention is to provide a novel 

polargraphic catheter of decreased diameter which is 
accordingly simpler to use and correspondingly entails 
fewer risks during use. 
These and other objects are achieved pursuant to the 

invention by arranging the anode at the distal end of the 
catheter shaft away from the cathode tip, having the 
electrolyte extend within the probe from the anode to 
the cathode tip, and by connecting the anode and cath 
ode to a terminal jack for measuring’ instruments ar 
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2 
ranged at the end of the probe facing the anode, 
wherein the jack. optionally contains a supply chamber 
for the electrolyte and is connected in a liquid-tight 
manner to the one end of the catheter shaft. 
Due to the special separation of anode and cathode, 

the wiring within the probe is reduced to that of the 
cathode. This makes it possible for the inner diameter of 
the probe sheath to be only slightly greater than the 
diameter of the cathode, because already a thin ?lm of 
electrolyte liquid is suf?cient for the necessary connec 
tion of the anode to the cathode in order to conduct 
polarographic measurements. But this also permits the 
total diameter of the probe to be kept extremely small. 
Thus, it is now possible to achieve catheter diameters of 
0.8 mm and still smaller. 

Further in accordance with the invention, the termi 
nal jack ‘for the electrical connections of the anode and 
cathode on the one hand and the measuring instruments 
on the other hand, is located at the end of the probe 
facing the anode, i.e. at that end which is not introduced 
into the channel of the liquid that is to be measured. 
Accordingly, its dimensions need not be miniaturized so 
that its construction makes no special manufacturing 
demands, and it can be constructed as sturdy as re 
quired. If this terminal jack contains a supply chamber 
for the electrolyte, then it is connected to the one end of 
the probe sheath so as to be impervious to liquids. This 
has the advantage that in comparison with the prior art 
probes, a relatively large total volume of electrolyte 
liquid is available, which has a favorable effect on the 
life of the probe. In addition, it is advantageous to incor 
porate a barrier layer between the anode and cathode to 
prevent migration of silver ions from the anode to the 
cathode. 

It is advantageous to have the electrolyte concentri 
cally surround the insulated cathode and extend as an 
electrolyte column from the electrolyte reservoir pro 
vided in the terminal jack up to the cathode tip free of 
insulating material. The particular advantage of this 
construction resides in having the electrolyte concentri 
cally surrounding the cathode simultaneously serve as 
shield of the cathode lead against stray electrical inter 
ferences. Experiments have demonstrated that the 
screening achieved meets all practical requirements and 
is in no way inferior in its usefulness in comparison to a 
metal shield. 

In accordance with an additional advantageous em 
bodiment, the connection between the electrolyte reser 
voir and the cathode tip is made with the aid of a ?ber 
strand soaked with electrolyte, or of a capillary system. 
The one or the other have the property of continuously 
maintaining an electrolyte bridge between cathode and 
anode due to capillary action, while the sheath of the 
probe can tightly surround the cathode and the ?ber 
strand, or the capillary system. Its inner diameter can 
thus practically be reduced to the diameter of the cath 
ode lead. 
The ?ber strand or the capillary system can also be 

advantageously constructed as a shell concentrically 
surrounding the cathode. The screen against stray elec 
trical interferences already mentioned, is similarly pres 
ent also when such ?ber strand or capillary system is 
used. 

It is preferred that the electrolyte, i.e. potassium chlo 
ride or sodium chloride or something similar, also be 
embedded in a sponge-like or gel-like composition, i.e. 
agar-agar, with which the insulated cathode is coated. 
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Also such construction achieves a reduction of the di 
ameter of the probe while simultaneously keeping con 
struction of the probe simple. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and 
many of the attendant advantages ‘thereof will be 
readily obtained as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw 
ings, wherein: 1 

FIG. 1 is a simpli?ed side view of a catheter probe; 
FIG. 2 is a transverse cross-sectional view of a cathe 

ter tip; 
FIG. 3 is a transverse cross-sectional view of a termi 

nal jack; 
FIG. 4 is a transverse cross-sectional view of a simpli 

?ed embodiment of the catheter tip; 
FIG. 5 is a transverse cross-sectional view of a fur 

ther embodiment of a catheter probe, and 
FIG. 6 is a planar cross-sectional view of a catheter 

probe. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, wherein like refer 
ence numerals designate identical or corresponding 
parts throughout the several views, and more particu 
larly to FIG. 1 thereof, the catheter probe of the inven 
tion includes terminal jack 1 which always remains 
outside of the body when in use, and the flexible cathe 
ter shaft 2 which is inserted into the body, e.g. into a 
blood vessel. The terminal jack has an electric plug 
connection for connecting a cable to the measuring 
apparatus or, in place of the plug, a non-removable 
electric lead. The length of the catheter shaft 2 can vary 
between 10 and 50 cm or more, respectively less, de 
pending upon the intended use of the instrument. Its 
diameter is 0.8 mm or still less. 
The most important component of the catheter tip 

illustrated in FIG. 2 is cathode 3. It consists, e.g., of a 
platinum wire fused into an insulating jacket 4 of glass. 
The free end plane of the wire is the actual cathode 
surface and it has, for example, a diameter of 20 pm. 
The wire forming cathode 3 has an electrically conduct 
ing connection 6 to the terminal jack also consisting of 
a wire 5 or of a stranded wire, where said connection 
ends in the attaching plug or in a non-removable con 
necting cable. This conducting connection is sur 
rounded by an insulating tube 7. Pursuant to FIG. 4, the 
parts 3 to 7 mentioned can alternatively also be con 
structed much simpler, namely in the form of an insu 
lated wire 16 extending from the catheter tip 2 to the 
terminal jack, whereby wire 16 forms the cathode, as 
well as also the connecting lead to the terminal jack, 
and insulating jacket 17 surrounding the same replaces 
parts 4 and 7 of the arrangement illustrated in FIG. 2. 
For example, PTFE-insulated (=poly-tetra-?uoroethy 
lene) platinum wires are available that are suitable for 
this purpose. 
The covering of the catheter shaft consists of a tube 8 

closed at the lower end by a gas-permeable membrane 
9. The inner diameter of this tube is somewhat greater 
than the outer diameter of the insulating jacket of the 
cathode, so that in accordance with the invention, an 
inner space 10 exists ?lled with liquid electrolyte, e.g. 
KCl-solution. Membrane 9 is positioned ?ush to the end 
plane of the cathode, whereby nevertheless a thin ?lm 
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4 
of liquid is present between cathode and membrane, due 
to capillary action. To be taken into consideration as 
membrane material for a polarographic 0; -sensor is, for 
example, PTFE, because of its high permeability to 
oxygen, and the tube 8 in this instance is suitably also 
manufactured of PTFE, so that the membrane can be 
fused to the end of the tube. ‘ 
The terminal jack illustrated in the transverse view of 

FIG. 3 contains in accordance with the invention anode 
11 and an electrolyte chamber or reservoir 12. In the 
form illustrated, anode 11 consists of a hollow cylinder 
?tted sealingly into an insulating part 13 so as to be 
impervious to liquid. That part of the anode surface 
exposed to the liquid electrolyte can be provided with a 
coating 14. Various metals are suitable as anode materi 
als, e.g. silver, whereby in this case coating 14 can con 
sist of silver chloride. The shape of the anode is insignif 
icant as concerns its function and it can be varied de 
pending upon different technical requirements. In the 
present example, an additional so-called anodic barrier 
layer 21 is provided, which prevents the silver ions of 
the anode from passing through. 

Prior to operation of the catheter probe, it is expedi 
ent to ?ll tube 8 and the electrolyte chamber 12 with 
electrolyte avoiding residual air bubbles. Tube 8 is con 
nected via a liquid-tight seal to a top-cap 15 represent 
ing the outer boundary of the electrolyte chamber 12. 
Top-cap 15 is screwed onto insulating part 13 by means 
of a thread, whereby the electrolyte thus displaced exits 
through an over?ow aperture 22. This over?ow aper 
ture 22 furthermore has the important task of making it 
possible for the water vapor evaporating through mem 
brane 9 to be replaced by supply-feeding of electrolyte 
liquid to the catheter tip from the electrolyte chamber 
12, thereby maintaining the electrically conducting 
contact between anode and cathode. Once this attach 
ment is undone, top-cap 15 can again be pulled off to 
gether with tube 8 and the electrolyte solution re?lled. 
Thereupon the catheter must be put together again. The 
liquid column connecting the electrolyte 10 present in 
supply chamber 12 with the cathode tip pursuant to 
FIG. 4, has been replaced in the embodiment of the tip 
of a probe; illustrated in FIG. 5 by a ?ber tube 18 or a 
capillary system 20 surrounding the insulated cathode 
16, and also reaching from the supply chamber 12 up to 
the tip of the probe. 
FIG. 6 shows a cross-section of a Pt-cathode 16 

coated with an insulation 17, and surrounded by a capil 
lary system 20. 
The ?ber tube 18 or the capillary system 20 can be 

formed of plastic, of glass ?bers, of plant ?bers, of asbes 
tos, of hair, or tissue, of yarn, or similar items. 
During operation of the catheter probe, due to the 

capillary action, the liquid electrolyte will be sucked up 
from the electrolyte chamber 12 by the tissue and di 
rected to the tip of the probe from where it reaches the 
tip of the cathode free of insulating material, also as a 
result of capillary action. This embodiment of the probe 
insures that obstructions to the catheter shaft occurring 
while working with the probe but which are not no 
ticed, e.g. constrictions or kinks, will not result in an 
interruption of the electrolytic connection between 
anode and cathode, although precisely for this embodi 
ment the distance between the inside wall surface of 
tube 8 of the probe and the outer surface of insulated 
cathode 16, 17 is particularly slight, namely, it can be 
equal to the thickness of the ?ber tube 18 or of the 
capillary system 20. 
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Obviously, numerous modi?cations and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as speci?cally described 
herein. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A polarographic catheter-shaped probe for intrave 

nously determining data of fluids, comprising: 
a cathode; 
an anode; 
an electrolyte disposed between said anode and said 

cathode; 
longitudinally extending ?exible catheter sheath 
having opposed ends, said cathode disposed at one 
end of said sheath to de?ne a cathode tip, said 
?exible sheath concentrically surrounding said 
cathode and said electrolyte and provided with an 
ion-impermeable but gas-permeable membrane at 
said cathode tip to seal said electrolyte between 
said ?exible sheath and said cathode, said sheath 
de?ning a distal end opposite said cathode tip; 

said anode disposed adjacent said distal end of said 
catheter sheath with the electrolyte extending from 
said cathode tip to said distal end between said 
sheath and said cathode; and 

a terminal jack located adjacent the distal end of said 
sheath and electrically coupled to said anode and 
cathode, said jack adapted for connecting said 
anode and cathode to measuring instruments. 

2. A probe according to claim 1 wherein said jack 

a 

comprises: 
a reservoir chamber containing a supply of said elec 

trolyte, said chamber communicating in a liquid 
tight manner with electrolyte in the distal end of 
said catheter sheath. 

3. A probe according to claim 2 further comprising: 
an insulating jacket concentrically surrounding said 

cathode, said cathode having a free end plane abut 
ting said membrane. 
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6 
4. A probe according to claim 3, wherein said insulat 

ing jacket comprises: 
a glass coating formed concentrically on a portion of 

said cathode adjacent said membrane, and 
a ?exible insulating covering surrounding the remain 

ing portion of said cathode. 
5. A probe according to claim 3, further comprising: 
said electrolyte concentrically surrounding the insu 

lated cathode and reaching from the electrolyte 
reservoir chamber provided in the terminal jack up 
to the free end plane of said cathode insulating 
jacket. 

6. A probe according to claim 2, further comprising: 
a ?ber strand or a capillary system extending between 

the electrolyte reservoir chamber and the cathode 
tip for producing an electrolytic connection be 
tween the cathode tip and the anode as a result of 
capillary action. 

7. A probe according to claim 8, further comprising: 
said ?ber strand or said capillary system concentri 

cally surrounding the cathode. 
8. A probe according to claim 3, further comprising: 
said insulating jacket coated with a sponge- or gel 

like substance reaching from the anode up to the 
cathode free end plane, in which substance said 
electrolyte is embedded. 

9. A probe according to claim 8, further comprising: 
agar-agar selected as the gel-like substance, into 
which a salt is embedded as electrolyte. 

10. A probe according to claim 9, wherein said elec 
trolyte salt comprises: 

potassium chloride. 
11. A probe according to claim 9 wherein said elec 

trolyte salt comprises: 
sodium chloride. 
12. A probe according to claim 1, further comprising: 
an insulating coating concentrically surrounding said 

cathode. 
13. A probe according to claim 12, wherein said insu 

lating coating comprises: 
polytetrafluoroethylene. 
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